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Side Slope Armor Design 

PURPOSE: Determine sizing, gradation, and thickness for riprap and associated filter layers to be 
used on the perimeter slopes of the final cover of the landfill. 

METHODOLOGY: Perimeter slopes are designed at 2.5 horizonta1:l vertical. Riprap sufficient to 
withstand erosional forces along these slopes was designed using the methods used by the 
Nuclear Regulatory Commission (NRC) for use at uranium mines. The method uses Stephenson’s 
equation to calculate the median stone size (050) for the riprap. 

Where: 
D50 = median stone size (ft) 
q = Maximum flow rate per unit width 
8 = slope angle measured from the horizon 
q, = rock fill porosity 
C = empirical factor ranging from 0.22 for gravel and pebbles to 0.27 for crushed granite 
g = acceleration of gravity 
G, = relative density of the rock 
Q, = rock angle of repose 
K = Olivier’s constant 

The maximum flow rate was determined using the Rational method. This method estimates the 
flow rate based on a runoff coefficient, the rainfall intensity and the drainage area. The runoff 
coefficient is estimated based on land use and soil type from the attached table 2.27. The drainage 
area is based of a unit width for the length of the drainage path. The rainfall intensity was 
determined using the Kirpich method. The Kirpich method determines a time of concentration, t,. 
The time of concentration represents the time required for a drop of water to travel the length of 
flow. The value is calculated based on the length and slope of the flow path using the equation 
given below. 

t, = 0.0078 L0.77(UH)0.385 

Where: 
L = maximum length of flow in feet 
H = difference in elevation in feet between the outlet of the watershed and the hydraulically 
most remote point of the watershed 

The rainfall intensity is calculated from the t, based on the probable maximum precipitation (PMP). 

The amount of the PMP precipitation to fall during the time t, is the rainfall intensity. This number 
value is converted into incheshour for use in the rational method. 

The gradation for the riprap is determined based on the weight of stones starting with the Ws0 
associated with the D50 value. The W15 and W,,, sizes are determined using the following four 
rules. 
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The minimum thickness of the riprap layer is twice the 050 size. 

The filter layers were designed using the guidance from the NRC published in NUREGKR-4620. 
The NRC procedure is based on two criteria: 

D,, (Filter ) ’’ D,, (Base ) 

D,, (Filter ) 
2, D,, (Base ) 

< 5  

< 10 

The filter material is the coarser of the two material. The base material is the finer of the two 
materials being compared. The filter layers were developed using materials already in use in the 
cover system. Layers were designed to prevent migration of the water storage layer soils into the 
riprap. The minimum layer thickness for each filter layer is half the thickness of the riprap layer 
but not less than 9 inches. 
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Riprap Sizing and Gradation for Perimeter Slopes 

Rainfall 
Duration 

OBJECTIVE: Determine the rip rap sizing, gradation, and thickness for rip rap that will be placed on the landfill 
perimeter slopes. 

Yo of 1 hr 

METHOD: The method outlined in Design of Erosion Protection for Long-Term Stabilization (NUCREG/CR-1623). 
This is attached to the calculation brief. 

Kirpich Method 

L = maximum length of flow in feet 
H = difference in elevation in feet between the outlet of the watershed and the hydraulically 
most remote point of the watershed 

b = 0.0078 LO.~(UH)O.~ 

Time of Concentration for top slope 

Highest Elevation of the Landfill = 
Lowest Elevation of the Landfill = 

L =  
H =  
tc= 

Time of Concentration for side slope 

Highest Elevation of the Landfill = 
Lowest Elevation of the Landfill = 

L =  
H =  
t, = 

Total b = 

1 hour PMP Rainfall: 9.0 inch 

Minutes ~1 
95.0 
100.0 

4974 ft 

435 ft 
26 ft 

4948 ft 

2.482 minutes 

4948 ft 
4920 ft 

76 ft 
28 ft 

0.322 minutes 

2.803 minutes 

(from Hydrometeorological Report No. 57, see attached 
PMP map) 

Interpolation 
b for the cover is in between 2.5 and 5 minutes 

D rainfall duration: 2.5 minutes 
D PMP%: 17.5 % 

D t, and rain duration: 0.303 minutes 
Increase in 1 hr PMP: 2.124 % 

Interpolation of PMP YO: 29.62 YO 

Adjusted b rainfall depth: 2.7 inch in tc minutes 

Rainfall estimate (i): 57.1 inch/hour 

F-5 



Rational Formula, q = Cia 

C = is a dimensionless runoff coefficient 
i = rainfall intensity (inlhour) 
A = drainage area (acres) 

C (Clay and Silt Loam, ) = 

Drainage Area Length = 

0.600 

386.0 ft 
1.0 ft 

1 =  57.1 in/hour 

Drainage Area Width = 
A =  0.009 acres 
q =  0.303 ft31seclft 

STEPHENSON'S METHOD FOR SIZING RIPRAP 1 BASED UPON PHASE II, ABT ET AL. 

Flow rate per unit width (4): 0.303 cfslft 
Rockfill Dorositv h): 0.35 - . .r, It SDecific aravitv (Gck 2.7 

Embankment slope (e) : 40 % 

Empirical factor (C): 
Olivier's constant (K): 

Median stone size D50 : 
Median stone size D50 : 

0.53 ft 
7 in I 

Rip Rap Gradation: 

Based on the guidelines presented on page 53 from NUREGICR-4620 

50mh = 18 Ibs D50min = 
W50max = 50 Ibs &omax = 

W1Imin= 44 Ibs Dlwmin = 
Wi o o m x  = 80 Ibs Dlwmax = 

W15min = 5 Ibs D15min = 
W15max = 10 Ibs Dl 5max = 

7 

10 

10 

12 

5 
6 

in 

in 

in 

in 

in 
in 

Based on the guidelines presented on page 51 from NUREGICR-4620, the rip rap layer thickness shall be 2.0 
feet thick (minimum) 

Based on the definitions presented on page 91 of NUREG/CR-4620, the rip rap layer will be rarely saturated due 
to the location of the rip rap on the landfill sideslopes. Therefore, the rip rap should be designed to the criteria 
for rip rap that is seldom saturated. 
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Rip rap quality shall meet the requirements for seldom saturated areas outlined in NUREG/CR-4620. Materials 
shall be oversized in accordance with the methods presented in NUREG/CR-4620. This calculation cannot be 
done until the rip rap quality has been determined. 

CONCLUSIONS: The riprap used for sideslope protection must at a minimum meet the gradation shown in the 
attached gradation curve. The riprap layer will be at least two feet thick. Additional adjustments to the gradation 
curve will be necessary as testing is conducted on the riprap material. 
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SIDE SLOPE ARMOR FILTER CALCULATION SPREADSHEET 

OBJECTIVE Determine soil gradation for filter layer(s) between sideslope armor and the cover system 

METHOD: Filter layers for the side slope were developed using NRC criteria as published in NUREG/CR-4620. 
The NRC uses two criteria: 

D ,, (Filter ) 
D,, (Base ) 

D,,  (Filter ) 
2, D,, (Base ) 

< 5 This criteria is to prevent the migration of the filter material into the riprap 

< 10 This criteria is to prevent the migration of the material below the filter into the filter 

Using Type 3 material as a filter between the cover material and the sideslope armor 

Criteria 1 : D15 (ma) of armor 
Dffi (rnin) of Type 3 

Type 3 material meets criteria 1 compared to sideslope 
armor 

- 150 - 1.88 
80 

Criteria 2: D15 (ma)  of Type 3 Type 3 material does not meet criteria 2 compared to 
ryegrass flats material. Additional filter layers will be 

- - 15000.00 
De5 (min) of Ryegrass 0.01 

required 

Using Type 2 filter material between the Type 3 filter material and ryegrass flats material. Because none of these 
materials are on the ground surface, only criteria two must be met. 

Type 2 vs. Type 3: Dl5 (ma)  of Type 3 72 - - 4.00 
Des (min) of Type 2 18 to type 3 material 

DI5 (ma)  of Type 2 

Type 2 material meets criteria 2 compared 

Ryegrass vs. Type 2: Type 2 material does no meet criteria 2 

Additional filter layers will be required. 

- - 200.00 
Dffi (min) of Ryegrass 0.01 compared to ryegrass flats material. 

Using Type 1 filter material between the Type 2 filter material and ryegrass flats material. Because none of these 
materials are on the ground surface, only criteria two must be met. 

Type 1 material meets criteria 2 compared - 2.86 
Type 1 vs. Type 2: D15 (ma)  of Type 2 - 2 - 

Dffi (min) of Type 1 0.7 to type 2 material 

0.09 DI5 (ma)  of Type 1 
Dffi (min) of Ryegrass 0.01 

Type 1 material meets criteria 2 compared 
to ryegrass flats material. No additional filter 
layers will be required. 

- - 9.00 Ryegrass vs. Type 1 : 

Conclusion: Three filter layers will be required between the sidelslope armor and the cover materials. Type 3 armor will 
be placed directly below the riprap. Type 2 and Type 1 filter material will be placed below the Type 3 armor In accordance 
with NUREGICR-4620, the thickness of each layer will be half the thickness of the sideslope armor with a minimum 
thickness of nine inches. Gradation requirements for each of the materials used are given in soil filter layer analysis. 
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(See Drawing C-304 in Draft Final Drawings for more detail.) 
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(See Drawing C-305 in Draft Final Drawings for more detail.) 
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Appendix G 

B i 0-1 n t r usio n Analysis 
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FINAL COVER BlOlNTRUSlON ANALYSIS 

OBJECTIVE: Determine whether biointrusion will be a problem with the current cover design 

METHOD: Biointrusion refers to intrusion into the disposed waste either by plants or animals. Determination of 
potential problems related to biointrusion was based on research completed at the Hanford DOE site and at the 
INEEL. At the lNEEL there are deep rooting plants and burrowing animals that could potentially intrude on the 
waste. The deep rooting plants consist of sage brush and the following are the animal types 
that exist at the INEEL: 
Badger 
Coyote 
Townsend Ground Squirrel 
Ants 

Plant Biointrusion 
The current cover thickness at the ICDF is 17.5 feet. The only plant which is deep rooting on the INEEL 
is sage. Due to this great thickness of the cover system it is not anticipated that plant roots could fully 
penetrate this thickness. In addition to the great thickness, the plant roots would first have to go through 
4.5 feet of capillary breakibiointrusion layer. Research has shown that plant roots typically do not penetrate 
into zones where there is no available moisture for the plant to use. Due to the coarse nature of the 
biointrusion layer, this material does not have any moisture available for plant roots; therefore, this layer 
inhibits plant root growth through this zone. In addition, a 60 mil HDPE geomembrane will be placed below 
the biointrusion layer. This nonporous material is expected to further deter plant root growth any deeper. 

Animal Biointrusion 
The attached documents indicate that the burrowing mammals mentioned above typically burrow only to 
about 3.3 feet (1 meter) deep. The biointrusion layer is located 11 feet below the ground surface. Therefore 
mammals will need to burrow over 3 times their normal burrowing depth just to get to the biointrusion layer. 
Once they get to the biointrusion layer, they need to burrow through 2.5 feet of coarse gravel and fine 
cobble material (1 to 2 inch diameter) to get through this layer. This type of material has been documented 
to inhibit animal burrowing (Richardson, Geosynthetic Design Guidance for Hazardous Waste Landfill Cells 
and Surface Impoundments). 

The animal that has been documented as the deepest burrowing animal indigenous to the INEEL is the 
harvester ant. Ant burrows at the INEEL have been found up to 6 feet deep. Ant burrows at other locations 
in the United States have been found to depths of 13.2 feet. Based on this data, the total cover thickness 
of 21.5 feet is much greater than the maxim observed ant burrowing depth at the INEEL. In addition, 
research has shown that coarse gravel and cobble material sharply reduces ant burrowing. It appears that 
ants will burrow to depth where soil thermal and moisture fluctuations are relatively constant. If ant colonies 
have unrestrained horizontal range to burrow, it is anticipated that they will have no incentive to burrow through 
the biointrusion layer. A HDPE geomembrane will be installed below the biotic barrier, this material is 
expected to further inhibit any ant burrowing into the waste material. 

CONCLUSIONS: Based on the attached research it is highly unlikely that either plant or animals will be 
able to penetrate the full depth of the cover due to its large thickness and due to the biointrusion layer. 
Therefore the cover section as currently designed addresses the concerns of biointrusion. 
Based on research, the Type 3 material should consist of gravel and cobble 
material between 2 and 5 inch diameter 
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(See Drawing C-305 in the ICDF Draft Final Drawings for more details.) 
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Permanetit isolation Scarface 
Banier= Functional Performance 
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Appendix H 

Soil Filter Layer Analysis 
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Cover Filter Layer Analysis 

PURPOSE: Develop gradation curves for filter layers to prevent the migration of fine grained materials 
into coarse grained materials. 

METHODOLOGY: The filter layers were designed using the guidance from the NRC published in 
NUREG/CR-4620. The NRC procedure is based on two criteria: 

D, ,  (Filter ) 
’) D,, (Base ) 

D,, (Filter ) 
*) D,, (Base ) 

The first criteria prevents the migration finer grade materials into coarse grained layers. The second 
criterion is to guarantee sufficient permeability to prevent the buildup of large seepage forces and 
hydrostatic pressures in the filter or drain. 

< 5  

< 10 

The filter material is the coarser of the two material. The base material is the finer of the two 
materials being compared. The filter layers were developed using materials already in use in the 
cover system. Layers were designed to prevent migration of the water storage layer soils into the 
riprap. The minimum layer thickness for each filter layer is half the thickness of the riprap layer 
but not less than 9 inches. 
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Cover and Filter Layer Calculation Spreadsheet 

Calculation Objective: Determine soil gradations for the Type 1 material in the ICDF cover materials 
so they meet filter and piping criteria due to seepage. Fine grained soil from the Ryegrass Flats borrow area that was 
assumed to be placed as Engineered Earth Fill in the water storage layer. 

Ryegrass Flats Area Borrow Soil 

#1-0,#2 
#I-P,#l 
#1-P,#2 
#I-Q,#l 
#1-Q.#2 
#3-0,#1 
#3-0,#2 

#3-P,Alt. #1 
#3-P, Alt. 2 

#3-Q,#1 
#3-Q,#2 
Average 
Minimum 

0.025 
0.15 
0.025 
0.035 
0.02 
0.2 

0.01 
0.02 
0.02 
0.15 
0.012 

0.059333 
0.01 

Reference: Sherard, Embankment Dams, 1992, pp. 423 - 453. 

1) Impervious Soil Group 1 (Fine Silts and Clays): For fine silts and clays that have more than 85% by weight of 
particles finer than the No. 200 sieve, the allowable filter for design should have Dt5<=9ds5 (where des is the size of the 
silt or clay for which 85% is finer). 

D15(0f filter) de5 = mm Soil material 
ds5 (of soil) 

<= 9 D15 = mm Filter material 

is less than or equal to 9; therefore, meets the criteria 
D1&5 = 

Plot grain size curve by hand ( see attached grain size distributions) 

Note: A broadly graded filter has 2 advantages over a poorly graded filter: 1) it may cost less and 2) it may allow the 
use of a single filter band instead of a multiple band. 
than 20. The main technical reason for limiting the maximum range of filter particle size is to minimize segreation 
during construction. Many coarse sandy gravels with Cu near 20 are difficult to place without segregation. 

Check to see if Type 1 upper limit grain size distribution meets Cu requirement of less than 20. 

Some existing guides limit Cu (DsdD1O) of the filter to less 

DlO 
(mm) (mm) Cu 

Maximum 1 0.06 16.7 Meets Cu criteria of less than 20 

Draw the lower limit of the Type 1 filter material. This lower limit is subjective, but should provide a wide enough 
gradation so that material can be found in natural deposits or can be processed easily. This lower limit also needs 
to meet a Cu of less than 20. 

De0 DlO 

(mm) (mm) Cu 
Minimum 0.2 0.012 16.7 Meets Cu criteria of less than 20 

Conclusion: Type 1 filter shall have gradation listed below and shown on the attached grain size curve 

Sieve Percent 
Size Finer 
#4 7 00 
#lo 100-80 
#20 90-58 
#40 75-43  
#60 65-33  

#lo0 55- 25 
#200 40- 12 
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Cover and Filter Layer Spreadsheet 

Calculation Objective: Determine soil gradations for the Type 2 filter material in the ICDF cover materials 
so they meet filter and piping criteria with respect to the Type 1 filter material gradation. 

Type 1 Material (see attached grain size curve) Type 1 Material (see attached grain size curve) 
Sample # * Sample # I ;e; 

Minimum 

Calculation for minimum particle size setting the upper end of the filter criteria 

Bertram (1 940), with the advice of Terzaghi and Casagrande, made laboratory investigations at the Graduate School 
of Engineering, Harvard University, to test filter criteria suggested by Terzaghi; he established the validity of the 
following criteria for filter design 

\ 

Dl5(0f filter) c 4 to 5 Dl5(0f filter) 
da5(of soil) dl5(0f soi I) 

D15 = mm Filter material 
d85 = mm Soil material 

D15/da5 = 2.86 is less than 4; therefore, meets the criteria 

Draw in the upper limit of the Type 2 grain size curve and check to see if  the Cu is less than 20. 

D60 D10 
(mm) (mm) Cu (see attached grain size curve for Type 2 material) 

Maximum 24 1.5 16.0 Meets Cu criteria of less than 20 

Draw the lower limit of the Type 2 filter material. This lower limit is subjective, but should provide a wide enough 
gradation so that material can be found in natural deposits or can be processed easily. This lower limit also needs 
to meet a Cu of less than 20. 

(filter) 

D60 DlO 
(mm) (mm) Cu (see attached grain size curve for Type 2 material) 

Minimum 6 0.4 15.0 Meets Cu criteria of less than 20 
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This criterion is the piping ratio. 

D15 = mm Filter material 
d15 = mm Soil material 

Dls/dls = 5.56 is greater than 5; therefore, meets the criteria 

This criterion is to guarantee sufficient permeability to prevent the buildup of large seepage forces 
and hydrostatic pressures in the filter or drain. 

Conclusion: Type 2 filter shall have gradation listed below and shown on the attached grain size curve 

Sieve Percent 
Size Finer 
3 in. 100 
1.5 in 100-77 
314 in. 86 - 57 
318 in. 68 - 42 

#4 55 - 30 
#10 40- 15 
#20 23 - 0 
#40 10-0 
#60 43 

Reference: Cedergren, Seepage, Drainage, and Flow Nets, 1967, pp180-181. 
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Cover Filter Layer Calculation Spreadsheet 

Calculation Objective: Determine soil gradations for the Type 3 (biointrusion barrier) material in the ICDF cover 
materials so they meet filter and piping criteria with respect to the Type 2 filter material gradation. Type 3 material 
also needs to meet the requirements stated in the biointrusion calculation package. 

Type 2 Material (see attached grain size curve) 
Sample # 

Type 2 Material (see attached grain size curve) 
Sample # 

Minimum Minimum 

Calculation for minimum particle size setting the upper end of the filter criteria 

Bertram (1940), with the advice of Terzaghi and Casagrande, made laboratory investigations at the Graduate School 
of Engineering, Harvard University, to test filter criteria suggested by Terzaghi; he established the validity of the 
following criteria for filter design 

\ 

D15(0f filter) < 4 to 5 c D15(0f filter) 
d85(0f soil) dl 5(0f soil) 

D15 = mm Filter material 
de5 = mm Soil material 

D 15 (filter) 

Didda5 = 3.50 is less than 4; therefore, meets the criteria 

Draw in the upper limit of the Type 3 grain size curve and check to see if the Cu is less than 20. 

D60 Di 0 

(mm) (mm) Cu (see attached grain size curve for Type 3 material) 
Maximum 120 70 1.7 Meets Cu criteria of less than 20 

Draw the lower limit of the Type 3 filter material. This lower limit is subjective, but should provide a wide enough 
gradation so that material can be found in natural deposits or can be processed easily. This lower limit also needs 
to meet a Cu of less than 20. 

D60 Dl 0 

(mm) (mm) Cu (see attached grain size curve for Type 3 material) 
Minimum 65 42 1.5 Meets Cu criteria of less than 20 
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This criterion is the piping ratio. 

D15 = mm Filter material 
d15 = mm Soil material 

D15/d15 = 22.5 is greater than 5; therefore, meets the criteria 

This criterion is to guarantee sufficient permeability to prevent the buildup of large seepage forces 
and hydrostatic pressures in the filter or drain. 

Conclusion: Type 3 material shall have gradation listed below and shown on the attached grain size curve 

Sieve Percent 
Size Finer 
6 in. 1 00 
3 in. 100 - 25 
2 in. 30 - 0 

1.5 in. <I 

This gradation also meets the biointrusion gradation requirements 

Reference: Cedergren, Seepage, Drainage, and Flow Nets, 1967, p p  780- 78 7. 
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Riprap Gradation Requirements 
(Percent Finer by Weight) 
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Appendix I 

Freeze-Thaw Calculation 
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Appendix J 

Equipment Loads on Geosynthetics 
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WAR-12-02 O7:OBPM FROM-CHPM HILL 
tea zu ue u ~ : a c a  

425 468 3100 T-655 P.005/012 F-898 
I - -  

ofIdaho, Im. 

02/27/02 

Brain Corb 
CHPM HILL 
1020 Landmark St. 
Idaho Falls, ID 83402 

Brian, 

geornembrane. A minimum of 1 foot of granular material will be maintained between 
spreading equipment and geomembrme. TheJGMLGP has a operating weight of 
41.320 pounds and ground pressure 13fJJ&pSl. 

A Caterpillar D400 haul truck, or equal, will be used to import granular material. 
A minimum of 3 foot of granular mate-ial will be maintained between rubber-tired 
hauling vehicles and the geomembmne. Material will be dumped off the 3 foot fill then 
spread out with the DGMLGP. The 0400 haul truck has a gross machine weight of 
149.83Q Ibs. and ground pressure of ;!5 PSl,with tires inflated -t fifi B l a n d  a3" 
penetration. 

To maintain 3 foot of material between rubber tired hauling equipment and 
geornembrane. 3 foot high roads will tle built out of the drainage gravel material as 
required for placing the drainage gravd in the evaporation ponds and landfill cell. After 
the necessary material has been irnpcrted the 3' high roads will be spread out 
maintaining 1 foot of material between spreading equipment and the geomembrane. 

If you'have any questions, please feel free to contact me at your convenience. 

A wide pad 34" Caterpillar DGMLGP will be used to spread granular material over 

Sincere1 &a. . L  

Lance Peterson 
Phenix of Idaho, Inc. 
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Backhoe Lcades 
=Compactors 
1 Front Shovels 
1 Knuckleboom Loaders 

Multi Terrain Loaders 
Paving Equipment 
scraper; 

1 Soil Stablllzen 
1 Track-Type Tractors 

TRACK-TYPE T R A C T O M  

1 Cold Planers 
9 Forest Machines 
m Harvestem 

Material Handlers 
aOff Highway Tractors 
9 Pipelayers 
=Skid Steer Loaders 
=TeChandlers 
1 Whed Dozers 

.Combines 
=Forwarders 

Hydraulic E*cavators 
=Motor Graders 
.Off HighwayTrucks 
1 Road Redaimem 
m5kjdders 
I Track Loaders 
I Wheel Loaders 

Detailed Specifications 
* Get AQuote 

Engine 
Engine Model 
Gross Power 
Flywheel Power 
Flywheel Power - Power Shlft 
Weights 

Operating Welght - Std. 
Operating Welght Power Shift 
Blades 

Blade Type 
VPAT Blade Width 
Undercarriage - Std. 

Track Rollers/side 
Track on Ground 
Track Gauge 
Ground Clearance 

Track Width - Std. 

Ground Contact Area w/Shae 
Dimensions 

Height .. . , . I-^--. 

3116 T 
114 kW (153 hp) 
104 kW (140 hp) 
104 kW (140 hp) 

16930 kg (37320 Ib) 

16500 kg (36400 Ib) 

VPAT 
4.08 m (13.4 R) 

8 
3.08 rnm (10.1 in) 
2.16 rnm (85.2 in) 
538 rnrn (1.75 in) 

860 rnrn (2.8 it) 

... lequipmen t~proddetail,overview.cgi?type=specifications&su bfami1yid=323&subfamily=Medium&fami~~703/12/2002 
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MAR-12-02 O7:OSPM FROKCHZM HILL 425 468 3100 T-655 P. 007/012 F-898 
\ - u L c L y . " u "  , .-y...p..-.. ' - 

nergnr (KUY>J 

Length w/Blade 

5.14 m (1u . j  rt) 

5.37 m (17.7 ft) 
Length w/o Blade 
Fuel Tank 

Fuel Tank Capacity 

[kt D & N . L G P  4.15 m (13.6 ft) 

383 L (101 gal) 

4 LUICHmTOP 

HOME I CAT RENTAL I CAT FINANUAL I CAT MERCHANDISE I SITEMAP I INDUSTRY SOLUTIONS I PRODUCTS I SERVICES I ABOUTCAT 

0 Caterpillar All Rghrs Reserved. Legal Notlce Privacy Policy Copyright Agent 

. . . / e q ~ p m e n t ~ p r o d d e t a i ? _ o v e r v i e w . c ~ ? ~ e = s p e c i ~ c a t i o n s ~ u b f a ~ l ~ d = 3 2 3 & s u b f a ~ l y = M e ~ ~ & f ~ l ~  03/12/2002 

5-8 



MAR-12-02 O7:OTPM FROM-CH2M HILL 
--r-r------ .-uL.Ay"'" , 425 468 3100 T-655 P.008/012 F-898 

pu' " "  w 
4Jt'#ftle&eK>r7 

~Agncultural Implements .Agricultural Tractors Articulated Trucks 
I Backhoe Loaders .Cold Planerr Combines 

Cornoactors =Forest Machines m FDWarderS . . 7  __ :&&+ $ob;: 

=Front Shovels 
1 Knuckleboom Loaders 

Multi Terrain Loaders 
= Paving Equipment 
I Scrapers 
1 Soil Stabilizers 
.Track-Type Tractors 

ARTICULATED TRUCKS? 

> D400E Series I t  

Engine 

Engine Model 
Gmss Power 

Flywheel Power 

IS0 9249 
EEC 80/1269 
Bare 
Stroke 

Displacement 

Weights 
Rated Payload 
Body Capacities 

Heaped SAE 2: 1 
Struck 

.Harvesters mHydraullc Excavators 
=Material Handlers 1 Motor Graders 
-OR Highway Tractors 
= Pipelayers 1 Road Reclaimers 
.Skid Steer Loaders rSkidders 

.Off Highway Trucks 

- ._... 
mTelehandlers 

Wheel Dozers 
=Track Loaders - WheeLLoaders 

.. I -.d 

Detailed Specifications 

Cat 3406E 
318 kW (427 hp) 

302 kW (405 hp) 

302 kW (405 hp) 
302 kW (405 hp) 

137 mm (5.4 in) 

165 mm (6.5 in) 

14.6 L (893 in3) 

36.3 tonnes (40 tons) 

21.9 m3 (28.6 yd3) 

16.5 m3 (21.6 yd3) 

Heaped SAE 1:l 35.5 m3 (27.3 yd3) 
Transmission 

Forward 1 
Forward 2 
Forward 3 
Forward 4 
Forward 5 

8.76 kph (5.44 mph) 
11.97 kph (7.44 mph) 

16.22 kph (10.08 mph) 
21.83 kph (13.56 mph) 
29.58 kph (18.38 mph) 

Incident Reporting 

Get A Quote 

... / e q u i p m e n t ~ p r o d d e t a i l _ o v e r v i e w . c g i ? t y 8  1 &subfamily=Three+Ale&fmilO3/1 U2002 
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Forward 6 

Forward 7 
Reverse 1 

Front Axle - Empty 

Center Axle - Empty 

Rear Axle - Empty 

Total - Empty 

Front Axle - Rated Load 
Center Axle - Rated Load 

Rear Axle - Rated Load 

Total - Rated Load 
Front Axle - Loaded 

Center Axle - Loaded 
Rear Axle - Loaded 

Total - Loaded 
Body Plate Thickness 

Front 
scow 
Side 

Base 
Service Refill Capacities 

Fuel Tank 

Coollng System 
Hydraulic System 
Engine Crankcase 

Transmission 

Final Drives/Differential 
Sound Levels 
Interior Cab 
Body Hoist 

Raise time 

Lower time 
Standards 
Brakes 

Operating Weights 

425 468 3100 1-655 P.009/012 F-898 

Ca b/FOPS 

39.91 kph (24.81 mph) 

58.62 kph (36.43 mph) 

12.44 kph (7.73 rnph) 

18150 kg (40020 Ib) 
6930 kg (15281 Ib) 
6570 kg (14487 Ib) 
31650 kg (69788 Ib) 

4480 kg (9878 Ib) 
15910 kg (35082 Ib) 

15910 kg (35082 Ib) 
36300 kg (80042 Ib) 

22630 kg (49899 Ib) 
22840 kg (50362 Ib) 

22480 kg (49568 Ib) 
67950 kg (149830 Ib) 

aw W n N C k  

8 mm (.31 in) 

16 rnrn (.63 In) 
12 rnm (.47 in) 

16 mm (.63 in) 

570 L (154 gal) 

50 L (13.5 gal) 
265 L (71.5 gal) 
34 L (9.2 gal) 

55 L (14.8 gal) 
80 L (21 gal) 

81 d6(A) 

12 Seconds 
7 Seconds 

SAE 31473 Om90 and 

SAE J231 JAN81 and 
IS0 3449:1992 Level I1 

IS0 3450-1985 

... /equipment~proddetail_overview.cgi?type-speci~cations&subfamilyid=28 1&subfamily=Three+AxIe&fa1nilO3/1U2002 
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b'u'gAIL- , -...r 'A"." 

425 468 3100 T-655 P.011/012 F-898 

cornoactors =Forest Machines 0 Forwarders - Fmnt Shovels - Multi Terrain Loaders 
Paving Equipment 
scrapers 

-Sod Stabilizers 

Knucklebarn LDaders 

ITmCk-Type TmctOE 

TELEHANDLEFZS~ 

Z TH83 

=Harvesters Hydraulic Excavators 
=Matertal Handlers Momr Graders 
=OW Highway Tractors 
= Pipelayer5 =Road Reclaimers 
.Skid Steer Loaders mSkidders 

Telehandlers =Track Loaders 
= W h e e l  Dozers Wheel Loaders 

.Off Highway Trucks 

W O ~ A T W  g l--se!ectr- _ _  _ _  
Inddent Reporting - Get AQuote 

Detailed Specifications 
Operating Specificatlons 

Rated Load Capacity 

Max Lift Height 
Top Travel Speed 
Load at Max Height - No Stabilizers 

Load at Max Height - Stabilizers down 
Max Foward Reach 

Load at Max Reach - No Stabilizers 

Load at Max Reach - Stabilizers down 

Outs ide  Turning Radlus 
Engine 

Model 
Gross Power 

Net Power 
Max. Toque 
Bore 
Stroke 

Displacement 

Weights 

Operating Weight 

3628 kg (E000 Ib) 

12.5 m (41 R) 
32 kph (20 mph) 

3175 kg (7000 Ib) 
3628 kg (8000 16) 

8.2 rn (27 R) 
816 kg (1800 Ib) 

1764 kg (3890 IbJ 

3.8 rn (12.6 f t )  

Cat 3054T 
78 kW (105 hp) 

75 kW (101 hp) 
365 N.m (269 Ib R) 

100 rnrn (3.94 in) 

127 rnm (5  in) 

4 L (243 in3) 

10375 kg (22872 Ib) 

.. ./equipmen1~proddetl~overview.cgi?type=specifications&subfamilyid=267&subf~l~Teleh~dle~f~O3/1 u2002 
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Dimensions 

Helght 

Width 

Wheel base 

Length to Fork Face 

Ground Clearance 

Tires 
Basic construction pattern 
Basic construction pattern, high flotation 
Hydraulic System 
Max System Pressure 

Max Pump Flow 

Max Pressure 

Pump Standby Pressure 

Steering Relief Pressure 

Auxiliary Hydraulic Supply 

Auxiliary Hydraullc Supply 
Service Refill Capacities 
Fuel Tank 
Hydraulic Tank 
Transmission Speeds 
Forward - 1 

Forward - 2 

Forward - 3 
Forward - 4 

Reverse - 1 

Reverse - 2 

Reverse - 3 

425 468 3100 T-655 P.012/012 F-898 

t ; l , U 7 G - P 3  
2490 rnm (8.17 ft) 

2440 rnrn (8 ft) 
2975 rnrn (9.75 ft) 

5835 rnrn (19.17 ft) 

495 rnrn (19 in) 

14.00-24 12 PR 
17.5-25 12PR 

250 bar (3625 psi) 

105 Urnin (28 gal/min) 
250 bar (3625 psi) 

31.3 bar (455 psi) 

175 bar (2535 psi) 

71 L/min (18.8 gal/min) 

124 bar (1800 psi) 

117 L (31 gal) 

136 L (36 gal) 

6 kph (4 rnph) 

11 kph (7 mph) 

22 kph (14 mph) 

32 kph (20 rnph) 

6 kph (4 rnph) 

11 kph (7 rnph) 

22 kph (14 mph) 

c aammmp 

HONE I CAT RENTAL I CAT FINANCIAL I CAT MERCHANDISE I SZEMAP I INDUSTRY SOLUTIONS I PRODUCTS I SERVICES I ABOUT CAT 

0 Caterpillar All Rnghts Reserved Legal Notice Pnvacy PoOcy Copyright Went 

... /equipment~prodde&~l~overview.cgi?type=specifications&subfamjlyida67&subf~l~Telehan~e~&f~ 03/12/2002 
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Appendix K 

Analysis of Side Slope Riprap for the 500-year Flood 
Event 
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Prepared By: Brodie Adams 
Date: 3-22-02 
Checked By: Micheal Ross 
Date: 3-22-02 

NORMAL DEPTH 
CALCULATION 
FILE: ICDF 500-yr flood.xls 
PROJECT: ICDF Title II Design 
LOCATION: INEEL, Idaho 

Channel Hydraulic properties (input): 

Flow (cfs): 41 00 

Manning's n: 
Bottom Width (ft): 
Right Side Slope, z:l 
Left Side Slope, z:l 
Channel Slope (Wft): 

0.035 
0 

2.5 
500 

0.0024 

Channel Hydraulic Results: 

31.5 

Depth (ft) = 2.572 
Hydraulic Radius (ft) = 1.286 
Cross-sectional Area (ftA2) = 1662.63 
Average Velocity (Ws) = 2.47 
Topwidth (ft) = 1292.65 
Froude Number = 0.38 

Flow condition: 
SUBCRITICAL 
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Prepared By: Brodie Adams 
Date: 3-22-02 
Checked By: Micheal Ross 
Date: 3-22-02 

INEEL-ICDF Allowable Flood 
Velocity 

415 

Rip-Rap properties for input from 
EDF-ER-281, Appendix F 

Channel Side Slope, Parallel Flows 
1991 Corps of Engineers Procedure 
Bed slopes less than 2 percent 

FILE: Riprap-velocity calc.xls 

LOCATION: INEEL, Idaho 
CALCULATION: Required D50 for 500-yr flood event at the ICDF 

PROJECT: INEEL-ICDF #2470185 

Inputs: 
Coefficient of Stability: 
Coefficient of Thickness: 
Safety Factor: 
Riprap Specific Gravity: 
Angle of Side Slope 
(degrees): 
Angle of Repose (degrees): 
Coefficient of Curvature (CJ: 

0.3 (angular rock = 0.3, rounded rock = 0.375) 
1 .O (1 .O for thickness = 1 *Dloo) 
1 .O (PMF=l .O, otherwise 1 .l) 
2.7 

21.8 (2.5H:l V) 

42 From EDF-ER-281, Appendix F 
1 .O (1 .O for straight channels; 1.283-0.2*log(RNV) 

for outside of bends) 
@=center-line radius of bend, W=water 
surface width) 

Calculated Constants: 
K: 0.831 8 
Weight 
Factor: 

Results: 

0.7670 

Inputs outputs 
Water Depth Velocity D30 D50 

Ut-) (fVsec) (in) (in) 
2.57 2.47 0.23 0.32 
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Prepared By: Brodie Adams 
Date: 3-22-02 
Checked By: Micheal Ross 
Date: 3-22-02 

INEEL-ICDF Allowable Flood 
Velocity 

515 

Rip-Rap properties for input from 
EDF-ER-281, Appendix F 

Channel Side Slope, Parallel Flows 
1991 Corps of Engineers Procedure 
Bed slopes less than 2 percent 

FILE: Riprap-velocity calc.xls 

LOCATION: IN E EL, I dah0 
CALCULATION: Allowable flood velocity for 7" riprap 

PROJECT: INEEL-ICDF #2470185 

Inputs: 
Coefficient of Stability: 0.3 (angular rock = 0.3, rounded rock = 0.375) 
Coefficient of Thickness: 
Safety Factor: 
Riprap Specific Gravity: 2.7 
Angle of Side Slope 
(degrees): 
Angle of Repose (degrees): 
Coefficient of Curvature (CJ: 

1 .O (1 .Ofor thickness = 1 *Dloo) 
1.0 (PMF=1.0, otherwise 1.1) 

21.8 (2.5H:l V) 

42 From EDF-ER-281, Appendix F 
1 .O (1 .O for straight channels; 1.283-0.2*log(RNV) 

for outside of bends) 
(kcenter-line radius of bend, W=water 
surface width) 

Calculated Constants: 
K: 
Weight 
Factor: 

0.831 8 
0.7670 

Inputs outputs 
Water Depth Velocity D30 D50 

(ftJ (fVsec) (in) (in) 
2.57 8.45 4.99 6.98 
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